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THE ISOLATION OF A UNIQUE STEROL FROM THE MYCELIUM
OF A STRAIN OF TRICHOPHYTON RUBRUM*
JOHN C. WIRTH, PH.D., THOMAS BEESLEY, B.S. AND WILLIAM MILLER, B.S.
Little is known concerning the lipid content
of any of the dermatophytes. Okazaki and
Tamemasa (1) reported the presence of ergosterol
in a strain of Trichophyton asteroides. Wirth,
O'Brien, Schmitt and Sohier (2) isolated ergos-
terol from a strain (C-46) of T. rubrum. Merkel
(3, 4, 5) and Zamieehowska-Miazgowa (6, 7)
reported the presence (detected by paper chro-
matographie methods) of palmitic, stearie and
oleic acids in strains of T. mentagrophytes
(gypseum), T. sulphureum, T. plicatile, Achorion
schoenleini and A. guincheanum. However, it
should be noted that the latter two authors
claimed lipid contents which are abnormally
high (41 to 75%). Prince (5) presented a dis-
tribution of the type of lipid present in a strain
of lipid present in a strain of T. menta-
grophytes although he did not positively identify
any of the component compounds.
Previous work had strongly indicated, as was
almost to be expected, that the nonsaponifiable
fraction (NSF) is likely to be a highly complex
mixture. The one compound, ergosterol, which
had been isolated in pure form was obtained in
that state only after repeated recrystallizations.
Accordingly, it was decided to re-investigate the
NSF. Unfortunately, in the intervening years,
that particular strain had been lost and the
work was continued with a new strain, (C-129).
The usual sterol in the fungi imperfecti is
ergosterol. In strain C-129 ergosterol, at first,
seemed to be totally absent; at least, it could
not be positively isolated even in trace quanti-
ties. The sterol which was found to be the
principal one in this strain is brassicasterol
which had been previously reported (9, 10, 11, 12)
in the literature as a constituent of higher plants
and marine invertebrates. To the best of our
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knowledge, this represents the first positive
identification of brassieasterol as a constituent
of any fungus. This finding was deemed to be so
extraordinary that the scope of the investigation
was broadened to include four additional strains
of T. rubrum.
EXPERIMENTAL
1) Preparation of the Mycelium
Stock cultures of the various strains of T.
rubrum were maintained in the refrigerator on
slants of Sabouraud's Conservation Agar and
subcultured every three months.
To obtain substantial quantities of the myce-
hum, a large number (from 20 to 150) of 2.5 1.
Fernbach flasks were filled with 500 ml. of
Sabouraud's Dextrose Broth. These were then
autoclaved and inoculated with a piece of myee-
hum cut from a Petri dish culture. After incuba-
tion for 4 to 6 weeks at room temperature, the
cultures were killed by tbe addition of 2.5 g. of
mercuric chloride to each flask. After inter-
mittent shaking for 5 days, the mycelium was
harvested by filtering off the mats with an
ordinary household colander; washed with running
water until free of mercuric ions; then dried
(first in air and finally in a vacuum desiccator over
aluminum oxide); and ground to a fine powder.
The yield of the dried and powdered myeeliuin
amounted to 2.5 to 3.5 g. per flask.
2) Preparation of the Non-Saponifiable Fraction
The dried and powdered mycelium was first
extracted with Skellysolve Bf (approximately
400 ml. of solvent per 100 g. of mycelium) at room
temperature for a period of two weeks, during
which the container was shaken periodically.
The mycelium was filtered from the solvent and
the entire procedure repeated twice. After the
third extraction with this solvent, the mycelium
was air dried and then extracted three times with
a one to one mixture of ethyl alcohol and ether.
The first extract gave rise to the so-called "free"
lipids; the second, the so-called "bound" lipids.
After thorough removal of the solvents by dis-
t The various Skellysolves are commercial,
saturated hydrocarbon fractions available from
the Skelly Oil Company, Kansas City 10, Mo.
Skellysolve B has a boiling range of 60—71°; F, a
boiling range of 35—60°.
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TABLE I
Lipid content of various strains of 7'. rubrum
St amt g. MyceliumExtracted
g. Lipid % Lipid' g. NSF % NSF2
Free Bound Free Bound Free Bound Free Bound
C-129
M-40-58
M-1260-59
M-1558-59
M-722-59
343
88
54
67
52
19.0
2.32
2.15
2.70
1.30
16.5
2.63
2.16
3.69
1.44
5.5
2.6
4.0
4.0
2.5
4.8
3.0
4.0
5.5
2.8
1.7
0.20
0.18
0.17
0.22
1.6
0.29
0.23
0.22
0.15
8.9
8.6
8.4
6.3
16.9
9.7
11.0
10.6
5.9
10.4
1 Based on weight of mycelium.
Based on weight of lipid.
tillation in vacuo, the ethyl alcohol-ether extracts
were combined and then re-extracted with several
portions of warm Skellysolve B until the insoluble
portion (mainly pigments) was free of lipid. The
hydrocarbon soluble portion of the alcohol-ether
extract was considered to consist entirely of bound
lipid though it was still heavily pigmented.
The NSF of both the free lipids and of the bound
lipids were then prepared in the usual way with
alcoholic potassium hydroxide. Results of typical
experiments with all of the strains used in this
investigation are presented in Table I.
3) Separation of the NSF of Strain C-12,9
As preliminary experiments indicated that both
the free and bound lipid fractions contain sterol,
the NSF's of both were usually combined and
chromatographed on alumina which was found
to be Grade II on the Brockmann (13) scale. The
details of a typical chromatogram follow. A
column 19 mm. in diameter was packed with 40 g.
of the dry adsorbent (Merck's, C. P., Suitable for
Chromatography) and prewetted with about 50
ml of Skellysolve F. Then a solution of 1.0 g. of
the NSF dissolved in the same solvent was added.
The column was then developed with solvents of
increasing eluting strength. The results of a
typical chromatogram are presented in Table II.
4) Further Investigation of the
Individual Fractions
Fraction I. Repeated paper chromatography of
the residue from the Skellysolve F eluate (Frac-
tion I, Table II) was run according to the pro-
cedure of Dauben et ai. (14). Two 1 lambda spots
of the residue (concentration of approximately 90
micrograms per lambda)t of the unknown was run
simultaneously with a 1 lambda spot of authentic
squalene (concentration of approximately 20
t This large quantity was used to give a detect-
able spot in the case of the unknown.
micrograms per lambda). To prevent possible
oxidation of the squalene all developments were
always carried out in an atmosphere of nitrogen.
The position of the spots on the paper was detected
with iodine vapor using the procedure of Pan
(15). While the Rf's of the known and unknown
on a single chromatogram never deviated from
ech other by more than 0.01 of an Rf unit, never-
theless the Rf's of the known and unknown was
0.84 (average of 34 determinations) with an A.D.
of less than in contrast to the value reported
in the literature of 0.71.
Repeated attempts to isolate and unequivocally
identify the squalene as the hexahydrochloride
were fruitless due probably to its low concentra-
tion. It should be noted that only one spot ap-
peared in the case of the unknown on the
chromatogram. This could be attributed to the
absence of other unsaturated hydrocarbons, at
least in significant concentrations. Also, the
entire fraction is devoid of fluorescent material,
and since it did not absorb above 220 mji in the
ultraviolet, the absence of compounds containing
a conjugated diene system is indicated. As was to
be expected, a test for sterols (precipitation with
digitonin) was negative.
Frcction II. This fraction was a yellow, semi-
solid. It gave a positive test with digitonin. In the
Salkowski test the chloroform layer was blue and
the sulphuric acid layer was light red. The Lieber-
mann-B urchard reaction was positive. These
results would indicate the presence of a sterol in
at least trace quantities. Attempts to isolate
crystalline material failed.
Fraction III. This fraction was a yellow, gummy
solid. It gave a positive test with digitonin. In
the Salkowski test the chloroform layer was color-
less and the sulphuric acid layer was cherry red.
In the Rosenheim test, a brilliant green fluo-
rescence was obtained. These results would indi-
cate the presence of a sterol in at least trace
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quantities. Attempts to isolate crystalline
material failed.
Fraction IV. This fraction was found to be a
highly pigmented, gummy solid. Preliminary
tests always indicated the presence of a sterol
which was not ergosterol. The fraction gave a
strongly positive test with digitonin, a non-
reverse Salkowski (only a red interphase), absorp-
tion in the ultraviolet at 206 ms, and a positive
color test (16) for 3-hydroxy delta—5 steroids.
From it the sterol, brassicasterol, was eventually
isolated. The details of the further isolation and
purification of the sterol are presented below.
Fraction V. This fraction was a yellow, very
viscous liquid. It contained no sterols and gave
color tests, as reported for carotenoids, with
concentrated hydrochloric and sulphuric acids
and with the Carr-Price reagent. Partition tests
between Skellysolve B and 90% aqueous methyl
alcohol showed that the pigments are epiphasic
in character. The fraction was not further investi-
gated.
5) Isolation, Purification, and Identification
of Brassicasterol
The material constituting Fraction IV was
found to be variable in nature. Eventually two
separate and distinct procedures were developed
for further purification of the sterol. If the residue
on one crystallization from anhydrous methyl
alcohol yielded crystalline material (microscopic
examination) at least in part, then repeated
experience showed that a constant m.p. of 145—
146°, which was considered satisfactory by some
(17, 18) investigators, could be eventually attained
after repeated recrystallizations (usually 5 to 7).
A successive recrystallization from acetone on
material with these constants did not result in a
higher melting point.
If the material after one crystallization from
anhydrous methyl alcohol was not crystalline at
all, the residue was rechromatographed using
anhydrous ether as the developer. The progress
of the development was easy to follow since, when
the first yellow pigment started to appear in the
eluate, collection of fractions was begun. Four
separate 50 ml. fractions were collected of which
the first and second were usually discarded. The
residues from the third and fourth fractions were
combined and on further recrystallizations white
§ Possibly, as was shown by Fernholz andStaveley (19, 20), in their investigation of the
sterols of rape seed oil, some samples of brassi-
easterol are contaminated with a sterol, epimerie
about carbon 24 with the former sterol, and that
repeated recrystallizations of the mixture of the
sterols themselves does not effect a separation.
needles with the above melting point were
obtained.
To obtain material of greater purity, the sterol
was converted to the acetate, then to the tetra-
bromaeetate, then back to the acetate, and finally
to the free sterol following the procedures of
Bergmann and Ottke (21) and of Dory and Geri
(22). By so doing a sterol with a m.p. of 149—151°
was obtained. In view of the high losses which are
bound to occur in an overall isolation and purifica-
tion procedure of this complexity, no attempt
can be made to even roughly estimate the amount
of this sterol in the mycelium.
However, if the NSF from the free lipid fraction
alone was employed for the isolation of brassi-
casterol, again using Fraction IV of Table II,
highly purified brassieasterol in the form of its
acetate was quite easily obtained. The residue
from the chloroform eluate was crystallized once
from anhydrous methyl alcohol then converted to
the acetate using acetic anhydride and pyridine
in the usual manner. This derivative after the
second and third recrystallizations from anhy-
drous methyl alcohol (decolorized with Norit A,
neutral) had a constant m.p. of 157—8°. The weight
of the pure acetate so obtained was about 0.05 per
cent of the dried mycelium.
A summary of the physical constants of brassi-
easterol and of its derivatives in the literature,
and of those of our isolate, is presented in Table
III.
Further confirmation of the identity of the
isolated sterol as brassicasterol came from a study
of the I.R. spectrum (1% concentration in KBr
pellet) of an authentic specimen of brassicasterol
and our sterol. Both curves were found to be
identical. As there is apparently no report of the
TABLE II
Chromatography of the non-saponifiable fraction
Fraction Eloant Volome ofEluaot
Wgt. of
Fraction
I
II
III
IV
V
Skellysolve F
50% Ether and
50% Skellysolve F
Ether
Chloroform
Methyl Alcohol
250 ml.
250 ml.
250 ml.
250 ml.
250 ml.
0.14 g.
0.09 g.
0.10 g.
0.38 g.
0.26 g.
Notes:
Skellysolve F was dried by refluxing with cal-
cium carbide and distilled.
The ether was dried with calcium chloride, then
with sodium wire, and then distilled.
Chloroform, U.S.P. and methyl alcohol, C.P.
were used without further treatment.
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TABLE III
Physical constants
Compound
literature Our Isolate
m.p. lain m.p. [am
Sterol
Acetate
Benzoate
Tetrabromo-aeetate
150—1°
158—9°
169—72°
209° (dec.)
—60°
(e = 1.28)
—64°
(e = 1.00)
—36°
(c = 1.00)
not reported
149—50°
157—8°
167—8°
209—11°
not determined
—65°
(e = 0.449)
—33°
(c = 0.440)
not determined
Notes:
1. A mixed m.p. of authentic brassicasterol and the isolated sterol showed no depression.
2. All compounds (excepting the tetrabromoacetate) were recrystallized from anhydrous methyl
alcohol.
3. Specific rotations were determined in chloroform on a micro scale using samples of milligram size.
4. All of the above constants with the exception of the m.p. of the tetrabromoacetate are those of
Barton and Robinson (23). Since these authors obtained their constants on brassicasterol prepared syn-
thetically from ergosterol, it is likely that their constants were determined on very pure brassicasterol.
The m.p. of the tetrabromo derivative is that of Windaus and Welsch (24).
JR. curve of brassicasterol in the literature, the
main bands (microns) in the spectrum follow:—
2.94(m), 3.40(s), 3.51(s), 6.04(w), 6.84(m),
7.20(m), 7.28(m), 7.34(w, sh), 7.50(w), 8.36(vw),
8.79(w), 8.99(w), 9.34(w), 9.52(m), 9.76(m),
9.90(w), 10.19(w), 10.33(m), 10.44(m), 12.00(vw),
12.49(w).
s = strong,m = medium, w = weak, vw = very
weak, sh = shoulder.
The assignments (25, 26, 27), where possible, are
presented in Table IV.
6) Examination of the NSF of Other
Strains of T. rubrum
In the case of the other strains, no attempt
was made to actually isolate the sterol. Neverthe-
less, its presence, along with that of ergosterol, is
rather conclusively demonstrated by a study of
the U.V. absorption spectra of Fraction IV (of
Table II) of the combined NSF's of the free and
bound lipids of the various strains. The absorption
spectrum was taken after the chloroform eluate
was crystallized once from anhydrous methyl
alcohol. Due to the gummy nature of this crude
fraction, it could not be satisfactorily weighed
unless this was done. The results are presented in
Table V.
The presence of both brassicasterol and of
ergosterol in the lipids of most of the strains
Microns Assignment
2.94 3401 Hydroxyl group, intermolecular
hydrogen bonded.
3.40 2941 Aliphatic C—H stretching.
3.51 2849 Quaternary carbon.
6.04 1656 Delta—5 double bond.
6.84 1462 "Unperturbed" methylene
groups at C19 and C21.
7.28 1374 Probably angular methyl group,
C18.
57.205
7.34J
513895
51362]
Terminal gem dimethyl of side
chain.
9.52 1050 Delta5-3-jJ-hydroxy.
10.19 981 Bending vibrations of olefinic
C—H bonds.
10.33 968 Delta—22 trans double bond.
investigated was likewise strongly indicated by
the use of two different reversed phase paper
chromatographic methods. Method A was a
Zaffaroni type (30) solvent system with the paper
(Whatman No. 1) briefly impregnated with a 5
per cent solution of formamide, C.P. in acetone.
The mobile phase was anhydrous cyelohexane,
saturated with formamide. Method B was that of
Riddell and Cook (31) with the following modifica-
TABLE IV
Assignment of infrared bands
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TABLE V
Ultraviolet absorption of fraction IV
Strain
Wave Length (ms)'
% Calculated aa
Ergosterol
206 271 282 293
C-129 + + + + Not deter-
mined2
M-40-58 + + + + 11
M-1260-59 + — — — 0
M-1558-59 + + + + 29
M-722-59 + + + + 27
'The end absorption at about 206 mje is charac-
teristic (28) of sterols (such as brassicasterol)
with isolated double bonds. Absorption at about
271, 282, and 293 mM is characteristic (28) of
sterols (such as ergosterol) with conjugated
double bonds. The percentage of ergosterol was
calculated using an value of 11,990 at 282 mp.
Confer Note 2 of Table VI.
'Not detectable either chromatographically or
spectroscopically.
Confer Note 4 of Table VI.
The solvent was ethyl alcohol purified accord-
ing to the procedure of Bladon, Henbest and Wood
(29).
tions. To obtain fairly reproducible results with
the latter solvent system it was found necessary
to control the time and temperature of impregna-
tion at 15 seconds and 6° (cold room), respectively.
Again, Whatman No. 1 paper was used and the
impregnating solvent was a 5 per cent solution of
phenylcellosolve in ether. The mobile phase was
anhydrous heptane saturated with phenylcello-
solve. The spray reagent was a 10 per cent solution
of pbosphomolybdic acid in ethyl alcohol in both
cases and the color was developed by heating the
papers at 110° for 2 to 4 minutes.
Three applications were made on the starting
line. One consisted of cholesterol alone (reference
substance for the calculation of the Rs value);
the second consisted of a mixture of authentic
brassicasterol and ergosterol (to stimulate the
NSF as closely as possible); the third was the
residue of chromatographic Fraction IV (once
crystallized from anhydrous methyl alcohol).
The total amount of solute applied to each spot
was about 25 micrograms, with the mixture of
authentic brassicasterol and ergosterol consisting
of approximately 12.5 micrograms each. The
results are presented in Table VI.
Further work on the lipids is in progress.
TABLE VI
Es values of sterots in fraction IV
Strain
Brassicaaternl Stern1 I Ergnatecnl Sterol JO
A B A B A B A B
C-129
M-40-58
M-1260-59
M-1558-59
M-722-59
0.95'
(10)1
0.94
(9)
0.97
(6)
0.96
(8)
0.94
(4)
0.97
(13)
0.94
(9)
0.97
(11)
0.97
(14)
0.97
(6)
0.91
(10)
0.97
(11)
0.93
(6)
0.93
(8)
—'
(4)
0.94
(13)
0.96
(9)
0.97
(11)
0.94
(14)
—
(6)
0.29
(10)
0.29
(11)
0.34
(6)
0.26
(8)
0.27
(4)
0.31
(6)
0.23
(8)
0.29
(11)
0.28
(9)
0.30
(6)
0.24 0.31
(4)' (2)'
0.24 0.20
(8) (8)
—' —'
(6) (11)
0.24 0.26
(4) (5)
0.30 0.28
(4) (6)
1 Average value of Es (Es is a movement of sterol relative to the reference sterol which was cho-
lesterol). The numbers in parentheses immediately beneath the Es value represent the number of deter-
minations on which the average value was calculated, but do not represent the actual number of deter-
minations. In some cases, the spots were not detectable; in others, individual determinations differed so
widely from the average that they were rejected, but only when such rejection was justifiable in accord
with standard statistical practice.
2 The spot attributable to ergosterol was always very faint and in 16 runs out of a total of 23, it could
not be detected at all.
3 The spot attributable to ergosterol was never detected in any of the 17 runs.
The spot attributable to brassicasterol could never be detected in any of the 10 runs.
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DISCUSSION
Very little is known Concerning the composi-
tion of the lipids of any of the trichophyta.
One might expect the characteristic sterol to
be ergosterol and it has been demonstrated to be
present in two of the species investigated thus
far. In one of these species, T. rubrum, its pres-
ence has been demonstrated in five of the six
strains investigated. However, it is most sur-
prising that this sterol is presumably not the
predominant sterol and in some strains it may
be absent, or present in only trace or minor
quantities.
The presence of brassieasterol in one of the
strains (C-129) is certain. The concordance
between the physical constants of the sterol and
three of its derivatives, and those reported in
the literature, is so overwhelming that no other
conclusion is likely. Furthermore, no other
sterol and its derivatives bave a group of similar
constants which would make this identification
doubtful.
There are very strong indications that brassi-
casterol is present in all of the strains inves-
tigated. It is true that in one of the strains
(M-722-59) no spot corresponding to brassi-
casterol could be detected by the technic of
paper chromatography. However, the NSF of
this strain did exhibit absorption at 206 mj.i.
This apparent discrepancy may be attributed
to the greater sensitivity of the spectrophoto-
metric method.
The minor inconsistencies between the Rs
values of the known and unknown sterols are
probably due to the inherent deficiencies of some
of the methods available for the paper chroma-
tography of the weakly polar steroids (32), and
it is known that chromatographic separations
with Zaffaroni type solvent systems are subj eet
to displacement effects (33). However, the
chromatographic data plus the spectroseopic
evidence leave little doubt that brassieasterol
is present in most strains of T. rubrum and it,
rather than ergosterol, seems to be the charac-
teristic sterol of this microorganism.
Chemically, the only difference between
brassieasterol and ergosterol lies in the fact
that the former sterol lacks a double bond at
carbon 7 in ring B. Therefore, in view of the
close similarity in structure, it does seem rather
striking, at least so far as we have been able to
determine from an exhaustive search of the
literature, that the presence of both of these
sterols in the same source has not been pre-
viously reported. One can only speculate con-
cerning the biochemical significance, if any, of
this finding.
The probable presence of squalene in trace
quantities in the mycelium of T. rubrum is
consistent with the known position of this
compound in the biosynthetic pathway between
acetate and sterols and with the fact that squalene
does not ordinarily accumulate to a significant
extent under aerobic conditions.
sUMMARY
1. Brassicasterol has been isolated from the
myeelium of a strain of T. rubrum.
2. Some evidence is presented which would
make it likely that the characteristic, pre-
dominant sterol of most strains of T. rubrum
is not ergosterol but brassicasterol.
3. Evidence is presented that both sterols are
likely to occur in most strains of T. rubrum.
4. Paper chromatographie data indicates that
squalene in trace quantities is present in one of
the strains of T. rubrum in this study.
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